In the present work, the Co/TiO 2 nanocomposite was prepared by sol-gel method. The structural and optical properties of nanocomposite were studied using, X-ray diffraction (XRD) and diffuse reflectance UV-VIS spectrometry. The XRD spectra revealed its tetrahedral anatase structure. The grain size and optical properties of composite are also reported. Syntesied Co/TiO 2 photocatalyst showed excellent activity for the photodegradation of Methyl orange whether under visible and ultraviolet light irradiation.
Introduction
Air and water pollutants are becoming a serious environmental problems around the globe. Indeed, over the last decade, environmental pollution remediation became a national and global priority 1 .One promising technique for removing contaminants is the photo catalytic degradation process. Nowadays, photo catalytic degradation processes have been widely applied as techniques for removing organic pollutants in wastewater and effluents, especially the degradation of dyes 2 . Titanium dioxide is among the most studied because of its unique electrical behavior. It is usually used in the form of nanoparticles in suspension for high catalytic surface area and activity.
TiO 2 exists in three polymorphs: anatase, rutile, and brookite of which the first two are the most common. These phases are characterized with high refractive index, low absorption and low dispersion in visible and near-infrared spectral regions, high chemical and thermal stabilities 3 . Anatase is found to have a highest activity in most studies 4 . The anatase phase TiO 2 has been employed the photo catalytic degradation processes only under the ultra violet (UV) light illumination due to its large band gap (~3.2 eV). UV light accounts for less than 5% of the solar spectrum, and much effort is being made to modify TiO 2 to make it respond better to visible and solar light 5 . Doping of metal ions into TiO 2 is one of the possible ways to shift their onset of response from the UV to the visible region and increase its photo catalytic properties [6] [7] [8] [9] [10] [11] [12] [13] . Co-doped anatase, in particular, is the object of a very large number of publications and review papers [14] [15] [16] [17] [18] . Amadelli et al. synthesized the cobalt-modified TiO 2 by the incipient impregnation method, they found that the modified oxide presents a higher photoactivity both for illumination with UVvisible (λ > 360 nm) and visible light (λ > 420 nm; λ > 450 nm), and that this enhancement depends on the amount of the added species and on the final thermal treatment in the preparation step 19 . However, these applications need high purity titania with controlled particle size, definite phase composition and surface properties. Therefore, it is important to control the particle size, morphology, and crystalline phase of the TiO 2 system.
The important goal of the current investigation is the assessment of the effect of cobalt addition on the photocatalytic activity of TiO 2 in the degradation of model organic pollutants. We focus on the structural and optical analysis of Co-doped TiO 2 (20%) composite prepared by sol-gel method to identify the single phase formation. We used XRD technique and UV-Vis spectroscopy for this purpose. Then photo catalytic activity of Co/TiO 2 was investigated for irradiation with visible and UV light irradiation.
Materials and methods

Preparation of Co/TiO 2
Co/TiO 2 nanoparticles were prepared by sol gel method. In a typical reaction, titanium (IV) isopropoxide (TTIP) and cobalt nitrate with the molar ratios 4:1 were dissolved in glacial acetic acid. Deionized water was added to it for hydrolysis and polycondensation reaction. In addition, polyethylene glycol (average molecular weight: 4000, Qualigen) served as a surfactant for this reaction and poured into the above mixture. The molar ratio of composition of the transition metal doped TiO 2 sol was 1:2:10:200 of TTIP: PEG: glacial acetic acid: H 2 O. The mixture was stirred for 1 h at room temperature. The gel preparation process started when both solutions were mixed together under vigorous stirring. The gel was then dried at 60°C for 2 h and calcinated at 300, 450 and 550 °C for 3 h respectively.
X-ray diffraction (XRD) patterns in the 2θ angular range from 5° to 60° were obtained by a Bruker make Diffractometer using Cu Kα X-rays of wavelength (λ) = 1.5406 Å.
Photocatalytic activity test
The photo catalytic activity of the catalyst was examined under irradiation of two black light (UV-A, λ > 420) or two 30 w high-power mercury lamps at 254 nm (30 W, UV-C) which were placed above a batch photoreactor. To 100 mL methylorange solution (30 ppm), 0.1 g of photo catalyst was added and the mixture was stirred for 30 min to obtain better dispersion and adsorption performance prior to the degradation. The pH value of the MO solution was adjusted to 3 and then 1mL H 2 O 2 was dropped in as the oxidant. Then solution was exposed the visible light or ultraviolet light irradiation, so that the solution was illuminated from the top. At degradation time intervals of 0.5, 1, 2 and 3 h, the remaining MO in the sample solution was determined using a UV-visible spectrophotometer at 477 nm, which is the maximum absorbance wavelength of the MO solution.
Results and discussion
X-Ray diffraction studies
We have discussed the effect of cobalt doping on the physical characteristics of TiO 2 . Since the final treatment in the preparation of the photocatalysts is calcination, we also carried out a series of experiments aiming to determine the optimal calcination temperature. The X-ray diffraction patterns of the cobalt doped TiO 2 nanoparticles calcinated in different temperatures are shown in figure 1. The samples characterization by X-ray diffraction Revealed, the sample treated up to 300 °C was exhibited amorphous behavior and the sample treated at 500 °C showed some peaks characteristic of both rutile and anatase phases. Whereas the crystalline phase of treated sample in 450 °C was predominantly anatase with the absence of secondary or impurity peaks. This shows that the anatase phase is stable up to 450 °C and after that the rutile phase starts to grow. Peak details of the anatase Co/TiO 2 nanoparticles summarized in table 1.
Phase quantification was carried out using equation 1 and 2. This method is developed by and Myers 
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Here X A and X R are respectively the weight fractions of anatase and rutile (X R = 1-X A ), I A and I R are the intensity of the anatse (101) peak at 25.50° 2θ and the rutile (110) peak at 27. 56° 2θ respectively. The weight fraction of rutile and anatase for the sample annealed at 500 °C have been 47.55 and 52.15 respectively.
The crystalline size of the particles in the anatase phase was calculated using the modified Debye-Scherrer equations from which a single value of L is obtained through all of the available peaks. The results indicate that nanocrystalline Co/TiO 2 powder with crystallite size of 11 nm have been successfully obtained.
Optical absorption analysis
The optical properties of the anatase Co/TiO 2 were characterized using UV-Vis diffuse reflectance spectroscopy. figure 2 represent UV-Vis absorption spectrum of Co/TiO 2 nanoparticle.
The spectrum was taken in the range of 200-800 nm. The exciton absorption is at about 477 nm. The band gap energy has been determined using the Tauc relation 21 , which is given by:
where α is absorption coefficient, hν is energy of photon, Eg is optical band gap, A is a transition probability constant, and n is a simple fraction which relates to the optical absorption process. For indirect allowed, direct allowed, indirect forbidden, and direct forbidden transitions, n is equal to 1/2, 2, 1/3, 2/3 respectively. Firstly, to establish the type of band-to-band transition which occur in the anatase Co/TiO 2 synthesized here, we have fitted the experimental absorption data to equation (3), for both indirect and direct band gap transitions using the exponent values n = 2 and n = 1/2 for the direct and indirect transitions, respectively. Figure 3 shows the (αhν) 1/2 versus (hν) plot for an indirect transition and figure 4 shows the (αhν) 2 versus (hν) plot for a direct transition.
Extrapolating the linear part of the curves to the X axis yield the absorption energies, which correspond to the band gaps which are found to be 2.17 and 1.66 eV for direct and indirect band gap respectively. The band gap values obtained for the direct and indirect transitions for pure and cobalt doped TiO 2 are reported in table 2.
The aim was to study whether cobalt doping causes the direct and indirect TiO 2 band gap energy to change. Differences in the visible light absorption were foreseen as cobalt doping changes the color of the powders from white to dark green and causes a red shift in the absorption of light. band gap is smaller than direct band gap. Moreover the band gap shifts estimated for the synthesized nanoparticles for indirect transition are larger than direct and therefore it could be inferred that the indirect transition is more appropriate.
Photocatalytic activity
The mechanism of photocatalysed reactions using the semiconductor compound could be described briefly as follows 22 . Firstly, the semiconductor compound absorbed photons, resulting in the generation of electron-hole pairs, known as excitons.
And the subsequent formation of adsorbed reactive species occurs through the diffusion of the valance band holes and the conduction band electrons to the surface of the semiconductor particles. In this reaction, e -and h + are powerful reducing and oxidizing agents, respectively. At the same time, the active sites of the surface of the semiconductor particles had been adsorbing a lot of pollutants particles, finally the decomposition of pollutants would be performed by charge carriers.
Addition of H 2 O 2 as external oxidant/electron acceptor in photo catalytic process has been shown to improve the photo catalytic degradation of organic pollutants by 23 : 1.
Removing the electron-hole recombination by accepting the conduction band electron 2.
Increasing the hydroxyl radical concentration and oxidation rate of intermediate compounds 3.
Generating more radicals and other oxidizing species to accelerate the degradation efficiency of intermediate compounds.
In this section, we report on the influence of doping on the photoactivity of Co-TiO 2 . Because of its environmental significance and non-biodegradation, methyl orange was selected as a reliable model pollutant in photo catalytic activity investigation. The existence of an optimum hydrogen peroxide concentration is typical and well-known in photo catalytic oxidation. This optimum value was previously found to be 10 mM for MO degradation 24 . PH is another main factor influencing the rate of degradation of some organic compounds in the photo catalytic process. The photo degradation of MO at different pH from 4 to 10 have been studied 25, 26 , and the best results obtained in acidic solution, (pH = 3).
The photo degradation of MO is carried out in the presence of Co/TiO 2 photo catalyst and H 2 O 2 under UV irradiation at pH=3. The results showed that the intensity of the characteristic peak of MO at λmax = 477 nm decreased gradually and complete discoloration of dye was observed after 3 h under optimum conditions. This proves that photo catalytic degradation is a viable means of dye removal from wastewaters. At degradation time intervals of 0.5 h, the remaining MO in the sample solution was determined using a UV-visible spectrophotometer at 477 nm, which is the maximum absorbance wavelength of the MO solution at pH = 3.
In the first step, calibration curve was obtained using standard MO solutions with known concentrations. Consequently, the degradation efficiency of the photo catalytic process was evaluated by the degradation ratio (D) of MO, which was calculated with the following formula:
Where D% was the degradation rate of MO, C 0 and C t denote the initial and the time-dependent concentration respectively.
As shown in figure 5 , Co/TiO 2 presented 47% degradation rate of MO under visible light irradiation. When the degradation reaction of MO was conducted under ultraviolet light irradiation, the photocatalytic efficiencies were extremely enhanced compared with those observed under visible light conditions. The results indicate that Co/TiO 2 exhibited the best efficiency for the degradation of MO under UV light irradiation, which the degradation ratio reached up to 99% after 3 h of irradiation. Whereas pure TiO 2 in the same condition showed only 68% Degradation. 
